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FiS ABSTRACT

s washed loop., This was taken to suggest the primary importance of intraluminal

‘Chailenge infection with V., cholerae in the ligated ileal loop of the normal -
adult rabbit indicated that the unwashed loop wus s:gnlflcanfly more susceptibie
than the washed loop. It is suggested that this was due to the potentiating
effect of mucin in the former, Such challenge of actively immunized animals in
which the local immunity was a function of either antitoxic or complement~depen=-
dent vibrioccidal antibody showed that both kinds of immunity were protective to
ca 2 logs in the washed loop, but no significant protection was observed in the

antibody, Comparison of these results with those of challenge with cell-free
toxin in which protection appeared to be a functiun of tissue-contained anti=
toxic 118 IgA indicated that intraluminal 118 IgA had a complement independent.
antibacterial activity as well as antitoxic activity.

In previously reported studies both antitoxic IgA and antitoxic-vibriocidal I1gG
were found at the local level in hyperimmunized animals. HExtension of such
studies in the present report has shown that antibody-active IgG wns not found
locally in animals immunized with graded doses of antigenm until the ~rum titer-
rose to 1 X 10% or .ore, Thus while Igi appears to be of local origin and ex-
creted into the lumen of the bowel from the lamina propria via crypt epithelial
cells, local IgG seemed to be derived from serum antibody, Passive immunization
experiments, based on the IV inoculation of hyperimmune seru or highly purified
sorum IgG, tended to substantiate this view, but no definitive evidence ol the
mechanism of secretion was adduced, Such pagsively immunized animals ‘vore im-
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Introduciion

As previously indicated, the primary objective of this resea,.h has
been an effective separation of the antitoxic and antibacterial
facets of an effective prophylactic immunity ¢o infection with the
cholera vibrio in the rabbit ileal loop model to allow evaulation

of the relative importance of the fermer, A separation of the
antitoxic and complement-dependent vibrioacidal antibody activity,
the latter considered initially to represent the antibacterial
response,; sufficiently complete for present purposes has been
achieved. Details of some aspects of the antitoxic antibody response,
such as localization in the in the crypt cells of the lower ileum,
the apparently exclusively antitoxic activity of 118 Iga, etc,, have
‘been described in Progress Reports Nos., 1 and 2 and *n Technical

Report No. 1.
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With this foundatxon, it has become possible to attempt to evaluate
the antitoxic element of immunity to challenge infection, ' :

pose-response to infection

T T s st

The response of the ligated ileal loop to. eells iree toxin is ..
self-limited and dose-dependent with the elxm;ndt1on of time~ -
dependency by autopsy after completion of the reaction, In nontrast,
that to challenge infection, although dose- dgpenden; (Burrows "and:
Musteikis, 1966), is not self-limited in ih¢-same kense in that
the total number of vibrios increases with Incroasing accumulation
.of fluid, and the enterotoxin produged continues to inereass as the
reaction develops., It appeared posszble, howeVer, that the reaction
to infection wight be quantified with reasondble accuracy by dutopsy

at a constant time, 16 hours, ‘ S

2
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: This possibility was investigated in an extensive series of ouveri-

. ments on the response to graded doses of vibrios prepared from both
washed and unwashed ileum, The 569B strain of the Inabg serotype
was used after passage to cunstant virulence by the intralumenal

’ . route, All points were derived Irom 30 groups of four loops with
the exeception of the % X 10°

doge of vibrios in unwashed

| . -loops for whish only eight
22 . fgroups were available, and the
. 1 1 X 10’ dose in the same series
En e which was carried out in a single
by . group of four loops. :
[ <4
¥ T It was found tha$ log dose was
1o 1 lincar to the velume/length
1 (V/L) ratio measure of the
- T 0 response over the dose range
<R e at v tested, The rosults are summar~
e e e e e e an o e ized in Fig. 1,

Figure 1 -
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It is apparent from these data that the correspondence of the observed
peints te the fitted lines for each series is close. A measure of
the pgoodness of fit is given by the probability that the deviation
of the observed from the theoretical values, p = ,41656 and p = ,4412
for the washed and unwashed series' respoctively, i.e., essential
identity. The relative precision of the titration method is illus~-
trated by the dose of 1 X 10° vibrios in the unwashed seriecs. As
ncted, the point shown in Fig, 1 was the mean of a single group of
rour loops, Sven with this small number, the difference between the
observed value and the theoretical value from the fitted lineis not
significant; p = ,3370,

It is also apparent from these data that there was a marked difference,
about 15-feold, in sensitivity te challenge infection between the
washed and unwashed series', the latter being the more sensitive,

The significance of the differences between paired peints in the two
series' is shown in Table 1,

Table 1

RESPONSE COF WASHED AND UNWASHED INTESTINE OF NORMAL RABBITS
TO CHALLENGE INFECTION

dose washed ) unwashed P

-1 x 10 0,79 + ,05 1.44 % ,08 €,0001

L ix 10 1,16 £ ,04 1.56 £ <,01 <.0001
T 1 %10 1,27 £ .05 - 1.90 & ,05 <.0001
1R 1Y 1,79 + ,05 2.22 % ,02 <.0001

These. differences are clearly of sufficient magnitude that the
appropriate base-line must be used in the calculaticn of fo!s-increase
ia vibrio dose as a measure of immrnity in immunized animals in the

o presence (unwashed) and relative absence (washed) of intralumenal

. antibody, The occurrence of such differences appears to have been
seempletely neglected in an earlier study by others (Finkelstein, 1970)
‘whose data are not only illegitimately treated but fail to yield

“mignificant differences between immunized and normal animals (see

below},

The observea, and unanticipated, differences between the two types

of ileyl loop preparations may have an exr anation in the observations
of Uza and Dutta (1970) who described the morked potentiating effect
of wuein on the virulence of challenge vibrio strains, and on tae
toxic adtivity of cell-free preparations, in-the infant rabbit model,

Jt is reasonable to suppose that the latier effect is operative in

the former kind of challenge since the reaction to infection is a

Jrenction of formed toxin (Burrows and Musteikis, 1966), Presumably

<

the unwashed loops described here contained mu~in which was largely
removed by washing, but the effect of added mucin on vibrio virulence
in waghed loops was not examined,

s
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Local antibody response in the lower ileum

In any attempt to <eparate and evaluate the relative importance of
the antibacterial and antitoxic elements of immunity to challenge
infection, immunizing antigens eliciting cone or the other, but not
both, kinds of antibody response would appear to be required.

The development of a purely antibacterial immunity, i.e,, the formation
of complement-dependen. vibriovcidal antibody, is readily attained

owing to the hcat=~lability of the enterotoxin by the use of boiled
whole cell lysate (WCL) antigen. Its preparation has been described
elsewhere (Burrows and Musteikis, 1966; Kasai and Burrows, 1966),

Although the preparation of a toxin antigen, either toxic or nontoxic,
which did notl induc~ the formation of complement-dependent vibriocidal
antibody had been acihicved earlier (Kaur et al, 1969), it was not

as effective an antigen as impure liquid culture supernatant prepara-
tions described elsewhere (Coleman et al, 1968) in which, presumably,
the impurities had an adjuvant effect, This kind of antigen, although
containing no more than trace amounts of lipopolysaccharide (LPS)
endotoxin does elicit the formation of complement-dependent vibriocidal
antibody, This was found to be due to its content of V antigen

(Kaur et al, 1969),

It was found, however, that an antitoxic, but not vibriocidal,
antibody rrsponse at the local level could be produced with PSUP
antigen by adjustment of dosage and immunization schedule, While
hyperinmunization produced both kinds of antibody responsc evident

as intralumenal antibody in the small bowel and in the crypt cells

of intestinal epithelium in the lower ileum (Kaur et al, 1972),
Grossly, two parcenteral (IP) inoculations or a siugle intraintestinal
(IY) inoculation of PSUP antigen produced only antitoxic antibody in
the lumen and crypt cells even though parenteral inoculation did give
serum vibriocidal antibody titers of perhaps 1 X 107 to 1 X 10%,

Very large doscs of antigen by the II route did, however, give
titratable amounts of vibriocidal antibody in wash which was associatced
with serum antibody titers of 1 X 10’ or more, The formation of
antitoxin under these conditions has been described elsewhere
(Burrows ct al, 1971; Kaur et al, 1971) and will not be discussed
here, '

On the other hand, three parenteral incculations, or two parenteral
inoculations followed by a single II inoculation did produce significant
amounts of vibriocidal antibody in intestinal wash and crypt cell
extracts, Tho occurrence of such antibody appeared to relate (o serum
antibody titers of 1 X 10° or more. Data illustrating the immune
response to PSUP antigen as vibriocidal antibody are given in Table 2
which includes the response Lo both routes of inoculation and the
dose-responsce effect, -

These apparenily anomalous antibody responses are associated with

the antibody activity of Ig classes. As described elsowhere

(Kaur et al, 1972), 11$ IgA in the small bowel has antitoxie but

no complement-dependent vibriocidal antibody activity, while 1gG

(78) has both kinds of antibody activily, The observations dese¢ribed
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have suggestive implications as to the mechanisus of secretion of IgG
into the smal. bowel, and are considered further below,

Table 2

COMPLEMENT-DEPENDENT VIBRIOCIDAL ANTIBODY RESPONSE IN THE LOWER
ILECM T0 PSUP ANTIGEN

antibody titers

dose* route ) crypt
serum wash# cellst
200 u IP (2)# 1 x 10° <1 x 10! 1 x 10!
200 u IP (2) 1 x 10° <1 x 10! 5 x 10
200 u 1P (2) >1 x 10 1 x 10! 2,5 x 10!
100 u IP () >1 x 10° 5 x 10? <1 x 10!
200 u IP (3) >1 X 10° 5 x 10! <1 x 10!
500 u IP (3) >1 X 10° 1 % 10° 5 x 10!
200 u 1P (2) 6 . 2
1500 u I1 (1) 1 X 10 1x 10° 1x 10
1500 u II (1) 5 X 10° <1 x 10! <1 x 10!
3000 u I (1) 5 X 10° 1 x 10! 1 x 10!
6000 u II (1) 5 X 107 <1 ¥ 10! <1 x 10!
9000 u II () 5 x 10° 5 x 10! <i x 10!
1

in rabbit ileal loop units of tfoxin

% adjusted to constant volumes

Y cell extracts adjusted to constant volumes

# number of inoculations; antigen amount divided equally

Although boiled WCL antigen produced, as anticipated, no detcctable
antitexie antibody in serum or in the lower ileum in response to the
largest doses of antigen, 1 wmg IP and 10 mg II, it was highuy effectivy

in inducing the vibriocidal antibody response, It may uwo noted in

passing that this was undoubtedly largely anti=LPS antailody, ond is
perhaps te be differentiated [oom the anti-V antige.. antibody obtained
in response to the PSUP antigen; there is evidence that wore than

one antibody specificity may hi o complement-depedent vibriocidal
activity (Neoh and Rowley, 1970), Serum antibody titers were unifovmly

" high, ranging from 1 ¥ 10" with the smaller antigen doses by th. XX

route £o Y ¥ 10% in the parenterally inoculated animals. Also the

largest doses used in the IP series' produced appreciable vibriocidnjhntiDO(

in lower ileum wash and in crypt cell extracts, TL' kind of antibo
response is illustrated by the data given in Tahle 3.

J
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These antibody titers of serum, wash, and crypt cell extracts, represent
the results of the titration of pooled SpGCImOnS from at least four
animals,

Table 3

COMPLEMENT-DEPENDENT VIBRIOCIDAL ANTIDODY RESPONSE IN THE LOWER
ILEUM TO WCL ANTIGEN

antibody titers

dose route & cryﬁt
wash cellsyt
0.1 mg IP (2)% 1 x 10 <1 x 10?
0.3 mg ©IP (2) <1 x 10! NT
0.5 mg IP (2) 1 x 10! <1 x 10!
1.0 me IP (2) ¥ 10 5 x 10°
0.5 mg IT (1) 1 x 10 <1 x 10
2.5 mg II (1) <1 x 10° 5 x 10*
7.0 mg II (1) 1 x 10! 5 x 10°
10,0 mg II (1) < x 10 1. 107
* adjusted to constant volumes

4+ cell extracts adjusted to constant volumes
* number of inoculations; antigen amount divided equally

'Active immunity to infection challenpge

“Having npproxlnatod the local antibody response in the lower ileum

as vibriocidal antibody in the foregoing experiments, and as antitoxin
in previously published studies, extensive series' of caperiments have
been carried out to assay the 1mmun1ty to infection challenge produced
by active immunization,

Two kinds of immunizing antigens were used, The crude PSUP antigen

- was piven according to schedules previously shown to produce an

antitoxic, but not complement-dependent vibrioccidal, antibody

-rosponge as intralumenal or crypt cell-contained antibod: ., This kind

of curde preparation was used purposely to allow pussible detegtion

r_or ‘antigens functionai in immunity but not demonstrable by the usual

in vitro metheds, BDoiled VCL- antigen was used 1o induce the forma~
tion of vibriocidal antibody xn the absence of antitoxic antibo.ly as

“desceribed -above,

Unwashed and washed ileal loops of animals were challenped by the

dntralumenal inoculation of graded doses of vibrios in ten=fold
dilutions, and the immunity assayed as the fold-increase in dose

reguired to produce an interpolated Bz, dose at a V/L vatio of 1.5,

The fold-increase was based on the response of norw 1l animals to
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infection as shown in Fig, 1, the increases being based on the unwashed
or washed bowel response of normal animals as appropriate, Representative
data for animals immunized with PSUP antigen are shown in Table 4, and

for animals inmunized with boiled WCL antigen in Table 35,

Table 4

'ACTIVE IMMUNITY TO CHALLENGE INFECTION PRODUCED BY IMMUNIZATION
WITH PSUP ANTIGEN

immunlzing fold change wash antibody®
antigen unwashed Pt washed Pt AT# vaS
dosef route
187 II (1) 457447,2 <,0001 8,6%2,1 . 1860 40.G 7
375 II (1) 134+12,.8 <,0001 =1,4+0,7 . 3830 11,2 <4
750 II (1) 27+2,9 <,0001 =0,4%,06 L1192 35.0 <5
1500 II (1) 343%35,3 <,0001 <«1,4+,07 . 3830 NT 12
100 IP (2) O0.7+2,1 .2568 ~0,3+0,1 . 2568 4.8 20
200 IP (2) 103£10,5 <,0001 =0,74,03 .0320 6.7 72
400 IP (2) 117+10,9 <,0001 =6,.7+1.2 .1428 13.2 84
600 1P (2) 371+36,2 <, 0001 35,943,7 <,0001 ° 4,1.

<«

* as units per 10 cm of intestine

4+ prebability of chance doeviation from normal animals . _ -
"% units of antitoxin

Y units of complement-dependent vibriocidal antibody

% number of inoculations; antigen amount divided equally

The most striking feature of these results is the good immune rasponse,
* . to as much as more than two logs, to challenge infection in the unwashed
~ loops, and the failure of PSUP inmunization to protect against challenge
in the unwashed loop, Thus in Table 4 the only significant degree of
protection was produced by the largest dose of IP antigen. The failure
of the smallest dosc by this route to protoct in the unwashed loop is
perhaps attributable to au inadequate immunizing dosc of antigen., With
these exceptions, the results would appear to suggesi that such immunity
to challenge infeetion is a function of intralumenal antibody (copro-
antibody), but there appeared to be no regular relation beteen titratable
antibody present in wash, given in these tables as units per 10 cm of
" bowel, the nominal length of the infected loop, It may also be noted
~that, contrary to previous observations on immunity to celi-frec toxin
challenge (Burrows et al, 1971), antigen given by the II route appcarcd
to be generally as effective as that given by the IP route, " This may
- suggest that the antitoexie element of prophylactic imwunity, that con=
sidered to be tested in experiments such as these, does noi play a
“oprominent role in dmmunity to o¢h-1lenge 1nf0ctmon.

As shown in Table §, animals immunized with boiled WCL antigen by the
IP route showed appreciable, though less marked, protection agninst
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challenge in the unwashed, but not in the washcd, loops. In contrast,
the animaéls immunized by the II route showed not only greater protection
in the unwashed loops, but also significunt protection against challenge
in the washed loops, Unfortunately, the data are scant on this last
point, and at present writing additional experiments are under way to
substantiate, or invalidate, this protection, Again there appeared to
be ne regular relation between protection and intralumenal complement-
dependent vibriocidal antibody titers, None of the animals immunized

by either route with this antigen had detectable, i.e,, R5 units, of
antitoxic antibody in wash.

Table S

ACTIVE IMMUNITY TO CHALLENGE INFECTION PRODUCED BY IMMUNIZATION
WITH BOILED WCL ANTIGEN

immunizing
antigen fold change vibriocidal
Ny ’ i *

doset route unwashed Pt washed  p¢+ wash antibody
0.5 II (1) =~-0,440,2 .0454 NT 31,6

2,5 X (1) NT 14,443,2 <,0001 18,0

7,0 IY (1) 200+£21,4 <,0001 NT 34,5
10,0 IT (1) 120+12,8  <,0001 55,6:8,7 <.0001 NT

0.1 IP (2) 9,1+1,9 <,0001 1,7#1,1 ,1236 68,0
0.3 TP (2) 34,344 .1 <,0001. NT 28,0

0.5 Ip (2) 42,9+5,6 <,0001 <~3,841.9 «4484¢ 41,0

1.0 IP (2) © - NT ' ~1,14£0.8 L1706 622,0

2,0 P (2) N G,742,7  ,412 NT

®

- as un:ts per 10 em of intestine

probabllxty of chance deviation from normal animals
in milligrams

“number of inoculations; nntigcn'd;vaded equally

gu& 4t

Dose=response in protection

Examination of the data presented in Tables 4 and 5 indicates that a
regular dose-response relationship to protection against challenge
-infection occurs in animals jmnunized by the IP route with either

~ kind of antigen., This is illustrated in Fig. 2, bui the figure is
deceptive in that lopg dose refers to mg dry weight of WCL antigen,
but 1leal loop units of toxin in the case of P5UP,  Although 1 unit
~of toxin is contuined in 100 wg of WCL, it is dostroyed by hoiling,
and no direct comparisen of the antigenic activity measuied in pro-
taction tests is possible, No such relationship is apparent in animals
challenged following inmmunizuiaon by tue I1 route with either antigen,
1t scems possible that the amount of antigen absorbed Irom the lumen
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of the bowel to provide an antigenic

. stimulus is highly variable to account for
the irregularity in the dose-recsponse to
infection,

350

PSUP antigen
00 e~

. As noted above, immunity to challenge in-
' fection in the rabbit ileal loop has been
8 claimed to have been shown by others
(Finkelstein, 1970), While the methodology
in that study is sowewhat obscure, a total
of 13 rabbit{s, & normal and 7 immunized with
with variesd doses of cell-free toxin antigen
with aad wichout adjuvent were used. Pre-
sumably challenge was in only a single loop
~w%m"; : with each of 6 vibrio strains and with cell=-
free toxiny this is inferred rather than
@ 1 explicitly stated in the published report,
o The results in immunized aniwals, regardless
‘ T T Y RT of the immunizatiocn procedure or dosage, were
tog doae antigen averaged, a highly questionable procedurec,
and the mean V/L ratios coumpared with those
observed in normal animnls. Assuming the
validity of this precedure, the published
data allowed the calculation of the standard deviatious of the means and
¢f the difference of the means, Considering only the results of challenge
with the 5698 vibrio strain, that used in the present studies, which
appeared to he renresentatire, the V/L of the controls was 1,36 and that
of the heterogeacous iwmunes 0,54, The difference, 0,82+1,32, was not '
significant, i.¢.y p = L8352, Yt cannot be considered, therefore, that
the protection demonsirated here hos bLeen previously described, -

~n

o

o
T

fold increase

o
o
T

=3
S
T

Figure 2

Pagsive immunity to infection

The antibody petivity unctional an enteric infections, and as well in ,
upper respirttory -dnfections, is generally considered to be predominantly
~+ if not exelmiively, secretory JgA (118 Iga). This antibody is believed
© . to be formed locally, in the casc of the smal) bowel by untxbodv-formzng
~cells dn the lamina propria, and scereted into the lumen after the
“formatien of the dimer and the addition, just prior to secretion, of the -
secretory plece, ' - ' :

"1t has been previously reported from this laboratory (Kaur ot al, 19 723

Technieal Repert No, 1) that, in addition to 113 lgA.'untihndyfuutlvc

InG {78) is present but no more than a trace of IpM, The 1gG has both
. . antitoxic and complement-dependent vibriocidal antibody activity, and
o the 118 IgA only antitoxie activity, The apparently indepadent behkavior
cof vibrigeddal and antitexic antibody, as shown for example in Table 2,
suggests that the antibody-nctive JgG moay have its orvigin in serum
antihody, with spillover into the lumen of the howel when the serum
titer reaches levels of 1 X 10 or wore. It would appear possible,
theyefore, to passively dmwonize against challenge infeciion, and in
fact data indicating that this is the case have been deseribed in the
¢nse of the canine uodel,

“A small nerdes of experiments to this entd, limited by the amounts of
hV]orxnwune sera available and the large wmounts yequired for imwmunization,
was carried out,
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Animals, 3-4 to each group, werc passively immunized by the 1V
inoculation of pooled hyperimmune serum prepared by the immunization
of rabbits with WCL antigen. The total volume administered to each
animal was 10 m}, and the serum contained 2000 antitoxic units per
ml and had a complement-dependent vibriocidal antibody titer of

: 1 X 10° to 1 X 10'°, Both kinds of antibody activity present in the
recipients' scrum, wash, epithelial cell extract and lamina propria
extract were titrated postimmunization. The animals were challenged
with cell-free WCL standard toxin, and by infection at various inter-
vals postimmunization,

R L S A AT

The results of these experiments are show. in Tables 6, 7, and 8, The
antitoxin titers are given in Table 6 and the vibriocidal antibody
titers in Table 7, in both as units of antibody activity per 10 cm

of lower ileum, The results of toxin and infection challenge are
shown in Table 8.

Table 6
PASSIVE IMMUNITY -~ ANTITOXIC ANTIBODY TITERS

|

anvitoxin titers®

gerum . .
hours wash  cells  Jamina propria

at challenge at autopsy

24 396 60 299 310 , 1415

a 476 143 i0 458 1432
144 220 111 11 108 NT

in units per 10 cm bowel

7 . I o Table 7
IR - FASSIV$ IMMUNITY == VIBRIGCIDAL ANTIBODY TITERS

—a——

v 3 . - .

vibriocidal antibody titers®

hours . L o,
serumg wash cells lamina propria
24 >1 % jo8 2y 122 6188
‘ 48 >3 x 107 95 87 5946
144 > .x 10° 13 , 13 NT
' . ,

in units per 10 cw bowel
t+ at challenge

Tmmunity to challenge toxin appears to correlate approximately with
antifoxic titers in serum and cell extracts but not, as reported
carlier {Buriows et al, 1971) with intralumensl antibody tit_r,
CInmunity te challenge infection, on the other hand, failed to corpe-
Jate with complement -dependent vibriverdaal antibody titer in any of
the materials tested, consistent with the results shown in Tables 4
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and 5, Obeccervations of the latter kind {(cf Table 4}, including
preliminary experiments and other relatively fragmentary data not
inclucded here, have Leen taken to suggest the possible ocecurrcnce

of antibacterial antibody activity cther than that of complement-~
dependent vibriocidal antibody. Such a complemeni~independent anti~
bacterial activity, involving the effect of antibody in preventing
adsorplion of vihrios to ithe intestinal mucosa and, in addition, a
nencuwplement factor sunplicd by the mucosal cells, has been described
by kreter (1970, 1871) and may be the basis of the observations given
here,

Table 8

PASSIVE IMMUNITY = TOXIN . . INFECTION CHALLENGE

voxin challenge infection challenge

pours fold~increase p* fold-increase pt
24 5,3+0,5 <,0001 77.137,8 <,000.
48 NT NT 94,3+10,1 <,0001
72 5.6%0,6 <,0001 14.3+1.5 <,0001}
144 1,5%0.35 «3174 NT . NT

* probability of chance deviation from iormal animals

Secretion of antibody=-active IgG (7S)

As roted above, antibody-active 115 IgA and IgG (78) appear to differ
wiih respect to their appearance in the small bowel lumen, The
former occurs in the lower ileua, both as intralumenal and cell=-
contained antibody in consequence of local or parenteral antigenic
stimulus ( bles 2 and 3; Kaur et al, 1971, 1972), while the latter,
laheled differentially by its complement-dependent vibriocidal
activity, tends to oce r in the lower ileum only after intense
antigenic atimulus (Kaur ¢t al, 1971, 1972). Presumably these
antibody clarsey, but not IgM, are associated with immunity to
challense in tke lower ileum since IgM is present in only essentially

trace amounts locally (Kaur et al, 1972),

Within the past few years considerable intercst has attended to the

~mechanisms of 118 IgA sec-etion (cf Kaur ct al, 1972}, and it is
~generally believed that the diwer is formed locally and secreted

after the addition ol secretory piece, Nevertheless, the precisc
mechanism remagins uncertain, In contrast, IgG is not considered

. to play a part in local immunity in the bowel, most workers on
functiinal secretory antibody having assumed that observed antibody

activily is solely that of 11§ IgA. At present this extreme view

~oappears to bhe moderatiug, but as yet there seems to be no information

on the mechanism by which 1gG arrives in ‘he lumen of the bowel,

i
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Since the antiboudy levels in the lower ileum appeared to reflect
relatively high serum antiboedy titers of vibriocidal activity, it
appeared possible that such antibody demonstrable locally might be
derived from serum antiliody.in contrast to the locally fermed

118 IgA. One experimental approach is the study of lecal antibody
levels in passively immunized animals. The preparation of IgG (78)
from hyperimuune serum in the relatively large amounis required is
practical., It consists of the 75 {raction and thcrefore, though
considered by be IgG, may be contaminated with scrum IgA monouer,
Analagous preparations of 118 1lgi, free of IgG and complement- denendent
vibriocidal activity from extracts of intestinal tissue of immupre
rabbits is possible but impractical under present circumstances in
the amounts required for passive ilumunization studies.,

IgG (7S) was prepared from the same pool of hyperimmune serum used
in the immediately preceeding passive immunity series' by salting
out the globulin and separating the IgG fraction by celumn chroma-
tography. The antibody solution was adjusted to the same titers as
the parent serum and given IV in 10 ml volumes to goups of animals
such that there were 4 animals in each time interval group, Washes
and cell and tissue extracts were pooled within these groups for
antibody titration., The results of this experimeni are shown in
Tables 9 and 10.

Table 9

SECRETION OF ANTIBODY-ACTIVE IgG INTO THE SMALL BOWEL:
‘ ANTITOXIC ANTIBODY - :

antitoxin titer®

hours serum wash k cells tissue
e JF 1§ p 4 I D J I
24 - 8BS 16 17 21,8 <97 36 <51 B85 1376 4109
48 : NT NT NT 30 AT NT 25 3950 1848 1856
72 NT NT NT NT 1378 1461 309 NT NT" NT
*

in units per 10 em of bowel
+ duodenum

¥ jejununm.

§ ileum

These data tend to be fragmentary because of the paucity of material,
i.eey all antibody titrations could net be carried out in a4ll cases

and in the case of antitoxin the amaller amount of antitoxin tiirated,
the larger amount of muterial s requirecd, It is apparent, however,
that the IgG, both antitoxic and vibriocidal, was present in all
specinens tested, with rvelatively larger amounts in the ccll and tissue
extiacts than in the wash, In relating the data on antibody in wash

to prior cxperiments, it must be borne in mind that there antibody

“titers of dleuwm alone were considerced since this was the gite of

chnllenge inoculation, It is self-cvident, however, thau the origin
of ileal intralumenal antibody is not necessarily confined to that
arca of the Lowel, but may have been secrcted at higher levels,
These duta suggest that secretion of IgG (78) occurs predominantly .
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in the jejunum, and to a lesser extent in the dusdenum since the
former titers tend to be higher in the case of vibrioei'al antibody.

!
Table 10 :

SECRETILN OF ANTIBODY~ACTIVE IgG INTO THE SMALL BOWEL :
VIBRIGCIDAL ANTIBODY

vibriocidal antibhedy titer®
hours  serum wash cells ‘tissue
Dy J& I1¢ D Jd X D J I

24 >1 x 10* 16,2 850 109 24 20 12,6 .77 107 533
48 >1 x-107 2105 18750 3000 NT NT 3166 NFT NT  800#

72 NT NPT 1184 33.6  103# 16404 1460f NT 8660#  NT
* in units per 10 c¢m of bowel
'+ duodenum
¥ jejunum
9 ileum
# x 10

The data are not definitive with regard to secretion in the ileum;
since the observed titers are lower than those in the other levels of .
the bowel, the antibody activity may rcpresent, at least in part,

that secrcted higher up but depleted en route by digestion of the
immunoglobuiin, The high titers of tissue extracts are notable, but
“the data are too scant to permit evaluation of concentration gradients;
such as they arc the data tend to minimize lleal secretion from the
vissue into the lumen of the bowel,

Time huas not permitted further study of this kind, It may he noted,
however, that i!s vibriocidal activity serves as a sc¢nsitive label
of the functionally intact IgG molecule, and is lhus superior to
radioactive laheling which would pvobably not show the lesser tlters
in the ileal lumen,
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